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PESForests provide many and large benefits, including cost-efficient climate change mitigation. However interna-
tional carbon markets have not stimulated the demand for forestry offsets. Domestic market-mechanisms are
emerging inmany countries and forests could be highly valued through these policies asmost of the benefits pro-
duced by forests are enjoyed locally. Here, a choice experiment explores drivers of valuation and willingness to
pay for forest carbon services in voluntary markets in Mexico by comparing the valuation of citizens from four
regions to test geographical preference for projects (n = 645). Findings from multinomial-logit models show
valuation of forest carbon services is transferable and citizens would pay more for offsets from projects closer
to their homes. Proximate forests provide a range of co-benefits to local users, including environmental services
and opportunities for recreation. Factors related to valuation include sense of responsibility, previous knowledge
of carbon emissions, previous visits to the sites, regional identification and the valuation of local environmental
services (e.g. improvements in local air quality). Knowledge of spatial heterogeneity in valuation of the use of for-
est services can help to design market-based instruments by identifying highly valued areas for environmental
services programs and carbon markets.
© 2014 Elsevier B.V. All rights reserved.1. Introduction
Forests offer cost-efficient ways to reduce greenhouse gas emissions
(GHG) and increase atmospheric carbon removals, thereby contributing
to climate change mitigation (Stern, 2006; Strassburg et al., 2009;
Canadell andRaupach, 2008). International climate policy has promoted
development ofmarket-basedmechanisms as options to reducemitiga-
tion costs; however these have not meaningfully stimulated interna-
tional demand for forest-based carbon projects. There is optimism that
the mechanism to reduce emissions from deforestation and forest deg-
radation in developing countries (REDD+), under negotiation at the
United Nations Framework Convention on Climate Change (UNFCCC),
will help to realize the potential of forests for climate changemitigation.
However, it is not yet known how international arrangements for fi-
nancing REDD+ activities and demand for associated carbon credits
will be created. Voluntary measures and national climate policies have
grown in importance in recent years due to the difficulties of negotiat-
ing an integral emissions reduction target for a second commitment pe-
riod of Kyoto Protocol. Developed and developing countries haveor Studies in Technology and
s 217, 7500 AE Enschede, The
ras Torres).communicated their domestic commitments and mitigation actions to
the UNFCCC, including voluntary emission reduction goals and the cre-
ation of local carbonmarkets (e.g. UNFCCC, 2012; Sterk andMersmann,
2011). The objective of this work is to elucidate drivers of forest service
valuation and how these affect willingness to pay (WTP) for forest car-
bon services in domestic markets being designed as part of the efforts to
mitigate climate change.
A choice experiment (CE) is used to compare valuation of forest off-
sets by citizens in Mexico. The research builds on a CE conducted in the
city of Guadalajara in the state of Jalisco, Mexico, where the valuation of
forest carbon services was explored (Balderas Torres et al., 2012), and
extends it to cities outside Guadalajara in Jalisco and three other regions
in Mexico. The objective of applying the same CE in the three new re-
gions is to test transferability of environmental benefits, in particular
geographical preference for local forestry based projects for climate
change mitigation. The aim is to inform design of a domestic carbon
market in Mexico, as is intended by national policies as part of
REDD+ (i.e. CONAFOR, 2012). This article is structured as follows:
first background information onmarketmechanisms for environmental
valuation, the co-benefits of climate change mitigation options and
transfer of benefits for environmental valuation is presented. This is
followed by a description of methodology and results to show differ-
ences in valuation and analysis of the associated factors. Finally thefind-
ings are discussed and conclusions presented.
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2.1. Market Mechanisms
Ad hoc policies are required to capture the value of environmental
benefitswhen they are public goods forwhich there are nomechanisms
to compensate those bearing the cost of provision (e.g. Pearce, 2000).
Market based instruments are used as part of climate policies because
they help to reduce the cost of mitigation by searching for cost-
efficient activities. There are different types of market-based mecha-
nisms, or market based instruments. These can be grouped into direct
markets, tradable permits, reverse auctions, Coasean-type agreements,
regulatory price signals and voluntary price signals (Pirard, 2012).
Incentive-based approaches as part of climate policies can enable local
action and work as stimulus for collective action for a more sustainable
management of natural resources (Muradian, 2013). Under the
UNFCCC, market mechanisms are used in emissions trading or tradable
permit schemesfirst developed in theU.S. (Voss, 2007). Tradable permit
schemes aim to assign a value to natural resources or environmental
services by creating an artificial sense of scarcity through specific insti-
tutional arrangements and regulations (Tietenberg, 2003). In this case,
these refer to the limits to emit GHG under the UNFCCC. Annex B coun-
tries of Kyoto Protocol that adopted emissions reduction targets have
the option of using market based mechanisms (flexibility instruments)
to reduce the cost of mitigation by buying carbon credits/offsets; these
mechanisms are emissions trading, joint implementation and the
clean development mechanism (CDM) (UNFCCC, 2002). The CDM
allowed developing countries to createmitigation projects to sell carbon
credits to Annex B countries so the latter could use them to fulfill miti-
gation commitments and thus create an international carbonmarket. In
this context it is assumed that buyers – in developed countries –would
prefer options offeringmore carbon offsets at the lowest cost. Themain
role of developing countries was as providers of carbon credits.
In addition to compliance carbon markets arising from regulations
and emission reduction targets adopted at international and local levels,
there are also voluntary carbonmarkets. Under these mechanisms, mo-
tivations of the buyers of carbon offsets are not related to penalties of
non-compliance with their mitigation target, but participation is mostly
driven by compliance with corporate objectives to mitigate climate
change, social or environmental responsibility, public image or as prep-
aration for new regulations (Peters-Stanley and Hamilton, 2012).While
voluntary actions provide clear signals to policy makers on the actions
that are required to mitigate climate change (Linacre et al., 2011),
these might not be credible substitutes for compliance markets
(Pirard, 2012).
The international compliance carbon market stemming from the
Kyoto Protocol has not stimulatedwidespread development of activities
in the forestry sector. Among different mitigation options in this sector,
only reforestation and afforestation projects were accepted under the
CDM. Moreover, forestry based carbon sequestration credits were
capped and regarded as temporary under the Kyoto Protocol (UNFCCC,
2002, 2004); this limited the demand and lowered the price for this
type of credits. Additionally, credits from these projects were excluded
from the European Union Emission Trading Scheme, the largest compli-
ance carbon market in the world (CEC, 2003; Peters-Stanley et al.,
2011). Forest carbon projects perform better in the voluntary market
where they accounted for about 40% of the volume in 2010 and about
44% in 2013 (Peters-Stanley et al., 2011; Peters-Stanley and Gonzalez,
2014); however the scale of this market is minimal (it was 0.02% of
global carbon traded in 2010) (Peters-Stanley et al., 2011).
As previously mentioned, lack of a comprehensive agreement to set
more ambitious emission reduction targets for a second commitment
period under Kyoto Protocol has increased the uncertainty of interna-
tional carbon markets. It has been easier for countries to enact individ-
ual domestic climate policies, including market mechanisms, than to
reach a consensus under the UNFCCC. Hence, in a post-Kyoto scenario,developing countries adopting mitigation goals and creating carbon
markets will have to decide if it is in their best interest to sell the
cheaper carbon offsets abroad, so (actors from) other countries could
comply with their own mitigation targets; or if they should reserve
them for local actors and thus reduce the local cost of mitigation
(Balderas Torres et al., 2013a).
These newdomesticmarketmechanismsmay provide opportunities
to finance forest carbon projects; but to be effective, markets need to
stimulate the demand and valuation of carbon at levels that might en-
sure their provision. Nevertheless, the valuation of forestry-based cli-
mate mitigation actions has scarcely been studied from the demand
side. The review of 27 published studies valuing climate mitigation ef-
forts by Johnson and Nemet (2010) shows that most of the published
studies have valued mitigation through non-forestry based approaches.
Only one study by Layton and Brown (2000) approaches forests indi-
rectly through the valuation of the reduced climate related damages
to vulnerable forests. This research aims to contribute to this area of
knowledge in order to help design of effective policies for mitigation
in the forest sector.
2.2. Co-benefits of Climate Change Mitigation Options
Forestry activities undertaken to mitigate climate change generate
ancillary benefits or co-benefits in addition to reduction of GHG emis-
sions or removal of atmospheric carbon (IPCC, 2001; Pearce, 2000).
Such co-benefits of climate policies are enjoyed by different social
groups depending on the local context and characteristics of the popu-
lation, and include health benefits from reduced exposure to air pollu-
tion (Nemet et al., 2010), or environmental services from forests
(Elabakidze and McCarl, 2007; Angelsen et al., 2009).
Recognizing the multiple benefits provided by forests, especially in
developing countries, the UNFCCC instructed the Subsidiary Body for
Scientific and Technological Advice to work on the methodological is-
sues needed to stimulate provision of non-carbon co-benefits as part
of incentive based instruments for REDD+ (UNFCCC, 2013). The con-
servation, expansion and sustainable management of forests under cli-
mate change mitigation policies can deliver large and diverse co-
benefits. These include different social co-benefits related to sustainable
rural development through diversification of income and promotion of
alternative livelihoods (e.g. Smith and Scheer, 2003; Marland et al.,
1999; Angelsen et al., 2009), opportunities for ecotourism and recrea-
tion (e.g. Adger et al., 1995; Abildtrup et al., 2011), protection of biodi-
versity and endangered species (e.g. Karousakis, 2009), generation of
other non-market environmental benefits or services (e.g. erosion re-
duction, hydrological services, and landscape) (e.g. Elabakidze and
McCarl, 2007; Feng et al., 2007; Plantinga and Wu, 2003; Pattanayak
et al., 2002; Ribaudo, 1989), promotion of better forest governance
through respect of the rights of vulnerable groups and local natural
and human adaptation to climate change (Angelsen et al., 2009).
When the value of co-benefits is factored into policy evaluation it
could modify the outcomes of cost-benefit analyses (Pearce, 2000;
Glenk and Colombo, 2011). The magnitude of co-benefits may be even
higher than mitigation costs and climate benefits (Pearce, 1992, 2000;
Nemet et al., 2010; Glenk and Colombo, 2011). Thus, ignoring the co-
benefits of mitigation actions when identifying cost-efficient solutions
may not result in efficient allocation of resources (Glenk and Colombo,
2011; McCarl and Schneider, 2001; Plantinga and Wu, 2003); although
it is well known that it is difficult to monetarily quantify the costs and
benefits of some co-benefits (e.g. Pearce, 2000). Consequently, demand
for offsets in carbon markets may be influenced by evaluation of trade-
offs made by potential buyers between cost-efficient options that are
spatially distant from the buyer, and the valuation of co-benefits of
local mitigation actions proximate to the buyer (Pearce, 2000). Off-
shore offsetting in international carbon markets has been regarded as
a cost, or lost opportunity, to increase local welfare in the financing
countries (Pearce, 2000; Krook Riekkola et al., 2011). Developing
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icy and identify the best means to achieve them (OECD, 2002). Thus
some Kyoto's non-Annex B countries might start becoming not only
suppliers of carbon offsets but also buyers as domestic policies are
implemented.
2.3. Environmental Valuation and the Transfer of Benefits
Environmental valuation techniques generate figures of WTP that
can beused in policy design and evaluation. Non-market valuation tech-
niques such as contingent valuation and CE have been used to obtain
figures of environmental values. Previous studies using CE have
approached the valuation of forests and the geographical influence in
environmental valuation (Rolfe et al., 2000; Brey et al., 2007; Bateman
et al., 2006; Abildtrup et al., 2011) and have also valued climate change
mitigation efforts (e.g. Glenk and Colombo, 2011; MacKerron et al.,
2009; Akter et al., 2009). Results have reported a spatial heterogeneity
for forest recreation, habitat conservation and environmental services
(e.g. Christie et al., 2007; Termansen et al., 2008; Baerenklau, 2010;
Hatton-MacDonald and Morrison, 2005; Campbell et al., 2007, 2008).
The spatial configuration of forests affects its economic valuation since
forests closer to the cities might be preferred for recreation or for
other environmental benefits they generate (Abildtrup et al., 2011;
Garrod et al., 2012; Morrison and Bennett, 2004; Brouwer et al., 2010).
Research has recently increased the inclusion of distance and geo-
graphical effects on environmental valuation (Johnston et al., 2002,
2011). The valuation of improvements in specific known locations and
small jurisdictions may capture more proximate effects since the popu-
lation would be more homogenous (Johnston and Duke, 2009). Within
or near-by state transfer errors have been found to be lower than across
distant state transfers (Van den Berg et al., 2001; Johnston and Duke,
2009; Loomis et al., 1995). Studies have also reported distance decay
functions for environmental valuation (e.g. Bateman et al., 2006; Pate
and Loomis, 1997) and the effect of geopolitical thresholds on environ-
mental valuation (e.g. Brouwer et al., 2010; Johnston and Duke, 2009;
Morrison and Bennett, 2004; Van Bueren and Bennett, 2004).
Proximity allows the enjoyment of direct use and non-use benefits
of the environmental resources (Johnston and Duke, 2009). It is expect-
ed that in the presence of use-valuesWTPwill decay with distance (e.g.
logarithmically) (Bateman et al., 2006). When the environmental re-
sources are not proximate, non-use benefits or values dominate themo-
tivation for participants in stated preference studies (Johnston and
Duke, 2009). It is expected that users of an environmental resource
may value it more than non-users, thus as distance to the resource in-
creases then access costs, substitutes and the proportion of non-users
also increase, thus reducing valuation of the asset (Bateman et al.,
2006). This spatial heterogeneity can help to identify the relevant eco-
nomic markets for environmental valuation (Johnston and Duke,
2009; Bateman et al., 2006). This has important implications, since the
relevant market may not be known a priori (Bateman et al., 2006;
Johnston et al., 2011). This presents difficulties to valuation studies
since, ideally, samples should be representative in terms of socioeco-
nomic characteristics (Morrison, 2000), spatial distribution (Bateman
et al., 2006) and also even in terms of values, beliefs and behaviors
(e.g. Lopez-Mosquera and Sanchez, 2011; Welsch and Kuhling, 2009).
Results from environmental valuation studies developed in one spe-
cific area can orient decision makers in other regions through benefit
transfer (Bennett, 2006; Wilson and Hoehn, 2006; Woodward and
Wui, 2001; OECD, 2002; Pearce, 2000). This approach can also be used
to compare changes in environmental valuation across different popula-
tions and geographical scales (Morrison andBergland, 2006). In order to
test for geographical variations in WTP for environmental improve-
ments, separate models can be estimated for different sites of interest
(Willis and Garrod, 1999; Birol et al., 2006; Campbell et al., 2009). Com-
parison of implicit prices obtained through CE and of WTP is the most
commonmethod to test validity of the transfer of benefits by comparingvaluation at different scales and sites. This can be done by comparing
confidence intervals and statistical distribution of the prices or WTP
(Van Bueren and Bennett, 2004; Poe et al., 2005; Morrison and
Bergland, 2006). The potential for benefit transfer is increased when
there is higher correspondence between the areas under consideration
in terms of the environmental resource being valued (i.e. biophysical
characteristics and scale of environmental improvements), the market
valuing it (i.e. characteristics of the population) and the welfare
measures (i.e. property rights and policy settings) (Loomis and
Rosenberger, 2006; Bennett, 2006; Boyle and Bergstrom, 1992;
Rosenberger and Phipps, 2007; Johnston and Duke, 2009; Morrison
and Bergland, 2006). This is supported by the review of studies by
Morrison and Bergland (2006) who found converging results in the
transference of benefits when the characteristics of the environment
and populations involvedweremore alike; however therewas less sup-
port for the transferability of values between those living close and
apart from study areas thus showing geographical heterogeneity
(Morrison and Bergland, 2006).
2.4. Case Study: Mexico
Mexico is a developing country with a high degree of urbanization
and industrial activity and with a long-standing policy on payments
for forest environmental services (PES) (e.g. Muñoz Piña et al., 2008).
Mexico was selected as a case study because it has adopted a voluntary
target to reduce its emissions by 50% before 2050, with a substantial
contribution from the forestry sector and market-based mechanisms
(PECC, 2009; CONAFOR, 2010). The draft of the National Strategy of
REDD+states that a voluntary carbonmarket for forestry carbon offsets
will be created in the country (CONAFOR, 2012). Since themid-nineties,
projects such as Scolel Té in Chiapas have developed under the incipient
voluntary carbonmarkets (e.g. de Jong et al., 1995). Creation of a carbon
tax in 2014 is another market-mechanism that could foster demand for
carbon credits inMexico. This carbon tax can be voluntarily deducted by
the purchase of certified emissions reductions – carbon credits – from
CDMprojects developed inMexico (DOF, 2013). The research presented
here aims to contribute to design of market-basedmechanisms for pro-




CE is a stated preference method used for environmental valuation
(Hoyos, 2010). It requires the design and application of questionnaires
and development of econometric models. The technique is based on
welfare, demand and consumer theories and the random utility model
(Lancaster, 1966;McFadden, 1974). CE permits identification of the val-
uation of changes in the environment (goods or services) or policies
modifying them. In CE participants are presented with alternative sce-
narios that are described in terms of different characteristics or attri-
butes from which they should select the scenario they prefer. Usually
one of the attributes is a component describing the cost to the partici-
pant of achieving the proposed change in the environment, thus the
choices can be related to the WTP of the participants for that environ-
mental change to happen.
It is assumed that choices made in a CE are those maximizing the
utility of the participants (Bennett and Adamowicz, 2001). The choices
are modeled in an econometric model of individual utility. The random
utility model indicates that there is an error term and the multinomial
logit model (MNL) commonly used in the CE assumes that this stochas-
tic term follows a Gumbel distribution (McFadden, 1974). Due to this
assumption a MNL model will be valid only if it complies with the re-
striction of independence of irrelevant alternatives (IIA), which can be
assessed via the Hausman–McFadden test (Hausman and McFadden,
Fig. 1. Study areas.
133A. Balderas Torres et al. / Ecological Economics 109 (2015) 130–1411984; Maddala, 1983). The utility is usually depicted as an additive
function where the independent variables are the attributes of the ex-
periment, alternative associated constants (ASC) and individual charac-
teristics, and the dependent variable is the choicemade by respondents.
The inclusion of ASC in combination with individual characteristics can
help to overcome the restrictions imposed by the IIA assumption.
In CE it is possible to evaluate trade-offs between the different attri-
butes shown to the participants (Bennett and Adamowicz, 2001), and
since one of these attributes is a cost component, thus the marginal
value, implicit prices or part-worths can be obtained when the parame-
ter of a given attribute is divided by that of the cost attribute (Rolfe et al.,
2000). For more details on the CE method please refer to Hoyos (2010)
or Rolfe et al. (2000).1 All monetary figures in $USD, exchange rate used $MXP 13 per USD.3.2. Design of the CE
The methodology presented here is based on that described in
Balderas Torres et al. (2012) where the CE was applied in the Mexican
city of Guadalajara in the state of Jalisco to test three different survey ap-
plication vehicles targeting groups with different socioeconomic back-
grounds. Here the CE is applied using only one application vehicle
(on-line) in additional sites of the country to test transferability and
spatial differences of environmental values. As mentioned earlier, the
experiment is extended to other cities in the state of Jalisco and to the
states of Durango, Tamaulipas and the Mexico City area.
Participants in the experiment were asked to consider the voluntary
purchase of forest carbon offsets to remove atmospheric carbon and
mitigate climate change. The choice sets presented alternative options
to buy carbon offsets at different cost from three different biosphere re-
serves located in the states of Jalisco, Durango and Tamaulipas hosting
the same type of vegetation and with no other particular social or envi-
ronmental attributes (Balderas Torres et al., 2012). For the samples from
Durango, Jalisco and Tamaulipas the experiment presented four choice
sets where ‘local’ carbon offsets, located in the same state of residence,
were in competition with ‘non-local’ options (outside the state of resi-
dence) and two choice setswhere the options offered only non-local op-
tions. In the case of the sample from Mexico City all the choice sets
presented non-local options as the three locations proposed were out-
side the geopolitical boundaries of the metropolitan area (i.e. Federal
District and state of Mexico). The objective was to compare resultsfrom the three states with that from the Mexico City sample, where
no local offsetting optionwas available. If potential carbon offset buyers
were to look only for cost-efficient mitigation options the valuation of
carbon services in the four regions should be equivalent.
The mechanism proposed to buy the carbon offsets was through
a one-time tax-deductible payment to an environmental non-
governmental organization (NGO). This approach corresponds to that
of voluntary carbon markets. It was explained that the NGOwas collab-
oratingwith forest holders and communities in the development of car-
bon sequestration practices complying with international standards.
This is common in the voluntarymarket inMexico e.g. the Scolel Té pro-
ject (Plan Vivo, 2012).
3.3. Attributes
Three attributes were included in the CE: project location (3), num-
ber of offsets to be bought (5) and total cost to be paid (4). The bio-
sphere reserves selected as hypothetical project locations were La
Michilía in the state of Durango, La Primavera in Jalisco and El Cielo in
Tamaulipas (UNESCO, 2012) (Fig. 1). The level payments were $23,
$50, $77, $131, and $1771 and options for buying offsets presented 2,
5, 9 or 19 tCO2eq. Two questionnaires were prepared, each including
six sets as mentioned above. Each choice set presented two options
for the purchase of offsets and one ‘opt out’ option. The values selected
are within the range of personal yearly emissions in Mexico, and when
combined with the costs selected, provide carbon prices within a rea-
sonable range (UN, 2010; Galindo, 2009; SEMARNAT, 2009).
3.4. Survey Elicitation
The target group consisted ofmid-high and high-income adults with
at least high school education. Respondents with a comparable socio-
economic profile from the four regions were contacted online through
an international market research company with a national database of
more than 60,000 contacts. Thus four samples were obtained, one
from each site. Use of the internet reduced the cost required for survey-
ing, homogenized the application process and allowed the use of visual
aids while covering a wide geographical range. Questionnaires were
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the four regions in Mexico (n = 645). Respondents with the desired
profile were selected and invited by email to answer the survey. Partic-
ipants completing the survey received an incentive for their participa-
tion from the market research firm (e.g. Diederich and Goeschl, 2011).
This group was not representative of the entire population in the re-
gions, as would be expected from internet based studies (Thurston,
2006); however comparability in terms of the environmental resource
being valued and population characteristics, allowed isolation of the ef-
fect of location in order to assess the prospects for benefit transfer
(Loomis and Rosenberger, 2006).
The survey started by providing the instructions and background in-
formation, then it presented choice sets which were followed by
debriefing, behavioral, attitudinal and socioeconomic questions. The
background information presented at the beginning of the survey in-
cluded: general information on climate change and mitigation options;
how carbon sequestration is quantified in forests; reference to risks e.g.
forest fires; how projects are implemented following international pro-
tocols by landowners coordinated byNGOs acting as umbrella organiza-
tions; and how project outcomes are independently verified and
certified. It was mentioned that cost of implementation might change
depending on local conditions and project performance. The experi-
ment made no reference to emissions trading and in this sense it
might represent the context of voluntary carbon markets. The option
of carbon trading in a cap and trade system was not mentioned, as
this is an unfamiliar topic that would have added confusion. Another
reason for this was because the experiment targeted citizens who
could be considered as the ‘final users’ of the offsets from the consump-
tion perspective, thus these credits are retired from the market once
they have been bought.
Before presenting the choice sets respondents were asked to consid-
er the money they require for all their other expenses (‘cheap talk’)
(Carlsson and Martinsson, 2001). In the debriefing questions respon-
dents were asked if the survey was confusing or not, and for the most
important attribute when making choices (i.e. cost, number of offsets
or project location). Questions related to previous behavior included
whether the person had earlier estimated his/her carbon footprint,
bought offsets, visited the biosphere reserves, participated in reforesta-
tion campaigns or donated to environmental associations. Other ques-
tions asked for the factors for and against offsetting, the valuation of
local forests, whether or not respondents considered offsetting of the
emissions they produced a personal responsibility and if they had pre-
ferred an alternative project location. The sense of responsibility has
been reported as an explanatory variable of WTP for climate change
mitigation (e.g. Brouwer et al., 2008; Akter et al., 2009); the assumption
of this sense of responsibility contributes to shape the cognitive and eth-
ical framework affecting the valuation of mitigation actions (Balderas
Torres et al., 2012). For further methodological details please refer to
Balderas Torres et al. (2012).
3.5. Analysis
After the responses were reviewed and coded, protests and re-
sponses from thosewho found the CE confusingwere identified and ex-
cluded from the dataset (Scarpa et al., 2009; Glenk and Colombo, 2011).
Two types of analyses weremade. MNL and implicit prices were obtain-
ed from thefirst econometricmodel and used to compare the geograph-
ical effect on environmental valuation. The Hausman–McFadden test
was used to verify that the MNL complied with the model assumptions
(McFadden, 1974; Hausman and McFadden, 1984; Maddala, 1983). In-
dividual variables were included in themodels to overcome themodel's
restrictions (Bennett and Adamowicz, 2001). The equivalence of results
across the samples was analyzed by generating the 95% C.I. for the im-
plicit prices using the Krinsky and Robb method with 7500 iterations
and analyzing their statistical distributions following the complete com-
binatorial test (Krinsky and Robb, 1986; Poe et al., 2005). The secondtype of analysis consisted of comparing the characteristics of the four
samples in terms of socioeconomic and demographic profiles, attitudi-
nal variables and preferences, previous environmental behavior and
theEuclideandistance to each of the three reserves. For these, the differ-
ences in the profiles of groups of respondentswith different preferences
were analyzed through non-parametric tests and bivariate correlations.
4. Results and Discussion
4.1. Characteristics of the Samples
The general characteristics of the samples in terms of socioeconomic
and demographic characteristics, attitudes and previous environmental
behavior are presented in Table 1.
Although the respondents' profile targeted a very specific group of
the population, the four samples are not exactly identical. All the re-
spondents are middle aged, but the difference between the averages
in Mexico City and Jalisco is ten years. A larger percentage of females
responded from Mexico City. In terms of income, there is a lower in-
come for Durango, however the four samples correspond to persons
who are in the higher 20% to 30% income groups according to national
statistics (INEGI, 2011). Out of the four regions, Durango is the smallest
state in terms of population and contribution to the national gross do-
mestic product, it also has the lowest internet penetration and this is
likely to explain the lower incomefigures andnumber of responses. Per-
haps the most marked difference is with regard to average distance
from the city of residence to the closest local project location.
The distribution of responses received within the states followed
that of the population across local cities. The population of Jalisco is con-
centrated in themetropolitan area of Guadalajara,which is the capital of
the state and is adjacent to La Primavera; however additional responses
were received fromother cities (e.g. Puerto Vallarta, Los Altos region). In
Durango state, Durango City is the capital and the largest city close to La
Michilía, however an important proportion of the population lives in the
northeastern cities of Gomez Palacio and Ciudad Lerdo. Likewise in
Tamaulipas, although the capital Ciudad Victoria is closest to El Cielo, a
large part of the population is distributed in the coastal region of
Tampico–Madero–Altamira and the cities of Nuevo Laredo, Reynosa
and Matamoros near the border with the U.S. (Figures SI-1 to 3 in Sup-
plementary information (SI)). The Euclidean distances from each city to
the reserves were computed frommaps, and then the average distance
to the local site was obtained for each sample (e.g. Bateman et al., 2006;
Campbell et al., 2008).
Responses to the debriefing question on which was the most pre-
ferred/important attribute when answering the choice sets helped us
to identify groups with different preferences (i.e. cost, carbon or loca-
tion); the results show that the respondents of Jalisco were more fo-
cused on location (Table 1). Results also show this sample had the
highest percentage of previous visits to the local reserve of La Primavera
as it is much closer to the sites of residence in Jalisco than the corre-
sponding reserves in the other samples. Conversely the sample from
Mexico City had the largest share of respondents focused on cost, the
lowest number of visits and persons feeling responsible for their own
emissions.
4.2. Econometric Model
TheMNLmodels for the four samples are presented in Table 2.When
theMNL included only the experiment's attributes the IIAwere violated.
ASCs in combination with individual variables were included in the
models shown in Table 3 to overcome this issue. These variables de-
scribe the presence of three groups of preference and correspond to
the respondents focused on cost, carbon or location (rows 4 to 12 in
Table 2). No violations to the model's assumptions were found when a
Hausman–McFadden test was applied by alternatively removing each
project location and the opt-out to check invariability of the parameters
Table 1
Socioeconomic and demographic characteristics, general preferences and previous environmental behavior (percentages and mean values).
Jalisco Durango Tamaulipas Mexico City All
Age (years) 31.0*** 31.5** 37.0* 41.5*** 35.0***
Gender (% of females) 36.7%** 35.0%** 41.4% 61.4%*** 44.6%***
Civil status (% married) 41.8%* 49.0% 53.4%* 47.2% 47.8%
Respondent has children (%) 42.9%*** 55.0% 57.6%* 55.1% 52.5%**
Income (class) ($/month)a 1464*** 1091*** 1294*** 1449*** 1350***
Daily income ($/cap-day)b 14.42*** 7.69*** 9.83 12.82* 11.54***
Student (%) 24.3% 20.0% 15.2%** 21.6% 20.2%
Employee (%) 50.8%* 44.0% 44.5% 39.8%* 44.9%
Worker (belonging to workers' union) (%) 8.5% 16.0%** 11.5% 8.0% 10.4%
Domestic occupation (%) 4.5%*** 8.0% 15.2%*** 10.8% 9.9%***
Economically active (%) 75.1%* 58.0%** 67.0% 71.6% 69.1%**
Mean distance to closest reserve (km) 29.5*** 137.0 241.0 525.0***c 250.8***
General preferences and previous environmental behavior
Focus on cost (%) 31.6%*** 45.0% 34.0%** 53.4%*** 40.4%***
Focus on carbon (%) 22.6%*** 35.0% 26.7% 39.2%*** 30.3%***
Focus on location (%) 45.8%*** 20.0%** 39.3%*** 7.4%*** 29.3%***
Responsibility for own emissions (RE) (%) 71.8% 72.0% 74.9% 65.9%* 71.1%
Previous carbon footprint (C) (%) 8.5% 6.0% 5.2% 9.7% 7.5%
Participated in reforestation campaigns (%) 55.5% 58.0% 53.1% 59.9% 56.4%
Visited La Michilía (%) 0.0%*** 38.0%*** 1.6%*** 1.1%*** 6.4%***
Visited La Primavera (%) 81.9%*** 1.0%*** 2.6%*** 5.6%*** 25.1%***
Visited El Cielo (%) 5.1%*** 0.0%*** 52.4%*** 2.3%*** 17.5%***
Visited at least one reserve (%) 81.9%*** 38.0%* 52.4%** 9.0%*** 46.4%***
Donates to environmental associations (%) 19.8% 17.0% 21.5% 23.3% 20.8%
Previous purchase carbon offsets (%) – – 1.0% 1.1% 0.6%
Protest (%) 9.0% 15.0% 10.5% 10.2% 10.7%
Found the questions confusing (%) 9.0% 12.0% 8.9% 8.0% 9.2%
Significance: *Significant at 90%; **Significant at 95%; ***Significant at 99%. Non-parametric tests using Mann–Whitney (U) to compare each sample to the other three, and the Kruskal–
Wallis (H) for the four samples together (column All).
a Income classes 1) below $150; 2) $151–$307; 3) $308–$615; 4) $616–$1153; 5) $1154–$2307 and 6) above $2307.
b Considering the mid value of the income class, and the maximum value for income class 6.
c Average distance considering the three sites.
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nificant, with the expected signs and with statistical characteristics
within the recommended ranges (Bennett and Adamowicz, 2001).
The signs andmagnitudes of the parameters in themodels in Table 2
indicate the contribution of each variable relative to the individual's
utility and to the probability of offsetting. Larger positive coefficients in-
crease the probability of participation. For the groups focused on loca-
tion, in the states of Durango, Jalisco and Tamaulipas, the preferred
option was the local one. For the sample from Mexico City the first op-
tion was La Michilía followed closely by La Primavera. The MNL models
show that the share of the respondents from Durango, Jalisco and
Tamaulipas states who were focused on cost or carbon may give up
the corresponding local project in favor of more cost efficient options.
The CE technique allows the estimation of implicit carbon prices and
the utility derived from the project sites (Table 3).
Table 3 shows that in the states where local offsetting options were
available, respondents were willing to pay a higher price for carbon off-
sets than when no such options were offered. After applying statistical
tests to the distribution of the carbon prices (Poe et al., 2005) the hy-
pothesis of higher WTP when local options are offered was accepted
at p = N0.97%. The differences in carbon prices in the three samples
where local options were offered cannot be accepted at meaningful sig-
nificance levels and hence these are considered equivalent (Table SI-2 in
SI). This indicates that when a local option was offered this was pre-
ferred, respondents' decisions included factors other than only a cost-
efficient removal of carbon.
For the sample from Mexico City, where no local options were of-
fered, the lower carbon price obtained suggests that respondents from
this area preferred conventional cost-efficient options. In the survey,
the respondents from Mexico City were asked to suggest alternative
project locations in 88.2% of the responses to this question (n = 34),
the area proposed was very close to the city (73.5% asked for areas
very close to the city in Ajusco Mountain or La Marquesa Forest, while
another 14.7% suggested the Monarch Biosphere Reserve, an iconicandwell-known sitewhich is home to large numbers of charismaticmi-
grating butterflies. These areas are all within 25 and 130 km of Mexico
City).
The values obtained here show the differences in environmental
valuation within the limits imposed by the CE. Potential buyers may
pay even more than the prices obtained here depending on the out-
comes of specific negotiations with project developers, as experience
from ongoing projects to date indicates. The average carbon price for
REDD+/avoided conversion-based projects and afforestation/refores-
tation projects in 2010 was $5 and $9/tCO2eq respectively (Peters-
Stanley et al., 2011). However, maximum prices for REDD+ projects
may be around $25/tCO2eq, while for improved forest management
the maximum was above $136/tCO2eq (Peters-Stanley et al., 2011;
Peters-Stanley and Hamilton, 2012). The amount of offsets and costs
chosen in the experiment reflects existing conditions of the voluntary
market in Mexico. The results indicate that although these practices
are not yet widespread, citizens would participate and buy offsets at
current prices. The results also agree with the analysis of climate policy
made at the international level. The trade-offs between non-local cost-
efficient mitigation options and local options that also generate co-
benefits, affect the valuation and eventual demand of offsets in market
based mechanisms (Pearce, 2000).
4.3. Local Co-benefits
Respondents were also asked why they preferred a local option in
addition to climate change mitigation (Table 4). Responses were aggre-
gated by common topics and indicate that it was the proximity to the
site and the option to enjoy co-benefits that are valued by the respon-
dents, these include: local air quality, landscape, water services, and
wildlife habitat.
The reason most cited by respondents in Guadalajara in Jalisco for a
local project in La Primavera (where on average the distance of the pro-
posed project area to the participants' residence area is lowest) was
Table 2
MNL models.
Jalisco Durango Tamaulipas Mexico City
1. Intercept −1.7630*** −2.0223*** −1.9900*** −2.2252***
2. Paymenta −0.0110*** −0.0086*** −0.0057*** −0.0070***
3. Carbon offsets 0.1010*** 0.0887*** 0.0646*** 0.0393***
4. La Michilía 0.6760** 3.5639*** 0.6649** 2.5689***
5. La Primavera 4.3320*** 0.9993** 0.5768** 2.4476***
6. El Cielo −1.0420** −0.5628 1.7425*** 0.8708*
7. ASC1 ∗ F. cost 0.9390*** −1.2569** 0.4228** −0.2221
8. ASC1 ∗ F. carbon 1.2860*** −1.1494** 0.4211** −0.0884
9. ASC2 ∗ F. cost −2.6070*** 0.1823 0.6399*** 0.0914
10. ASC2 ∗ F. carbon −2.5210*** 0.3771 0.5734*** 0.0358
11. ASC3 ∗ F. cost 0.2850 0.5683* −1.5404*** −0.0924
12. ASC3 ∗ F. carbon 1.3030*** 1.1637*** −0.3079 0.6720*
13. ASC3 ∗ payment/
carbon
0.1370*** 0.0896*** 0.0919*** 0.0852***
14. ASC2 ∗ payment/
carbon
0.0150*
15. ASC1 ∗ reforestation −0.4790**
16. ASC3 ∗ children −0.5970**
17. ASC2 ∗ head
household
−0.5420*
18. ASC1 ∗ payment/
carbon
−0.0386***
19. ASC1 ∗ payment 0.0087**
20. ASC1 ∗ visit 0.5227*
21. ASC3 ∗ married 0.4548* −0.5017***
22. Payment ∗ children 0.0024**
23. ASC1 ∗ head
household
0.3085*
24. ASC1 ∗ responsibility
on emissions
0.3932*
25. ASC2 ∗ female 0.2375
26. ASC2 ∗ children −0.4645**
27. ASC1 ∗ female 0.3837** 0.3522*
28. ASC3 ∗ visit 0.8780***
29. ASC3 ∗ responsibility
on emissions
0.5158**
30. Female ∗ payment/
carbon
−0.0115**















Pseudo R-squared 0.375 0.303 0.281 0.240
The variables “LaMichilía”, “La Primavera” and “El Cielo” capture the value of the group fo-
cused on location.
ASC1 = Michilía, ASC2 = La Primavera, ASC3 = El Cielo.
Levels of significance: *Significant at 90%; **Significant at 95%; ***Significant at 99%.
a All monetary figures in U.S. Dollars, exchange rate considered 1 USD = 13 Mexican
pesos.
Table 3
Carbon prices and valuation of the project locations; mean (95% C.I.)a.

















a All monetary figures in U.S. Dollars, exchange rate considered 1 USD = 13 Mexican pesos
b Higher valuation of the utility received from the local reserves at the 97% level or higher in
c The negative sign is derived from the aversion and hence low probability that respondents
experiment (associated coefficients in Table 2).
d Lower willingness to pay for carbon offsets when local projects are not presented at 97% l
e Average distance to the three sites.
Table 4




a. I live close to the area. 27.3% 26.7% 7.9% 5.7%
b. It is in my state/region. 1.6% 4.3% 14.3% 15.6%
c. To favor the provision of the
following:
22.0% 15.7% 14.3% 20.6%
Better local air quality 75.9% 90.0% 44.5% 6.9%
Landscape/esthetics 7.4% 2.5% 11.1% 44.8%
Water services 5.6% – 22.2% –
Wildlife habitat 1.9% 2.5% 11.1% 24.1%
Recreation sites/tourism 3.7% – 11.1% 17.2%
Local public health 3.7% 2.5% – 3.5%
Local economic development 1.8% 2.5% – 3.5%
Sub count of co-benefits identified 54 40 9 29
d. To protect that specific forest area. 21.2% 18.0% 17.5% 19.9%
e. To cooperate in improving the local
environment.
22.0% 25.9% 34.9% 29.1%
f. For future generations (children)/
general well-being.
4.5% 7.1% 11.1% 7.8%
g. Other. 1.2% 2.4% – 1.4%
n (mentions) 245 255 63 141
a For this question people fromMexico City were asked to consider the development of
a project in the AjuscoMountain; the option of considering a project the AjuscoMountain
waspresented after the respondentswere asked to indicate an alternativeproject location.
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tified La Primavera as the “lungs of the city” andwere aware of the neg-
ative effect of historical forest fires; by the time when the survey was
applied, the most recent major forest fire in La Primavera had occurred
in 2005 with notable negative effects on local air quality and economic
activity since contingency plans were activated (i.e. cancelation of
school classes and reduction of public and productive activities); ac-
cording to local press the smoke column caused the airport of the city
of Leon, located 180 kmnorth east Guadalajara in the state of Guanajua-
to, to suspend operations (La Jornada, 2005). In Mexico City the public
perception is that conserving forests close to the city will help to im-
prove local air quality; historically Mexico City has suffered from
urban pollution due to industrial activities and heavy traffic. This is
one of the most important direct benefits that populations in urban
areas perceive from proximate forests. Literature on the positive effects
of urban and peri-urban forests on air quality is extensive; benefits in-
clude the absorption of pollutants (e.g. ozone, nitrogen and sulfur ox-
ides), interception of particulate matter, oxygen production and
increase in humidity and shade resulting in lower temperatures
(McPherson et al., 2006). Since forest fires negatively affect air quality
(e.g. Carvalho et al., 2011), projects enhancing and protecting forests






















comparison to the other project options for the groups focused on location (Table SI-2).
with preference for location from Jalisco and Durango would choose this reserve in the
evel in comparison with the samples from the three States (Table SI-2).
Table 5
Differences between the groupswith specific primary focus (cost, carbon or location); sig-







Age (years) 0.059 −0.096** 0.034
Income (class) −0.038 −0.025 0.067*
Entrepreneur (dummy) −0.031 −0.062 0.096**
Economically active (dummy) −0.016 −0.074* 0.091**
Previous visit (dummy) (n = 299) −0.171*** −0.145*** 0.331***
Previous carbon footprint (C) (dummy)
(n = 48)
−0.029 0.083** −0.053
Resp. emissions (RE) (dummy) (n = 459) −0.207*** 0.128*** 0.094**
C and RE (dummy) (n = 32) −0.087** 0.114*** −0.022
C and previous visit (dummy) (n = 23) −0.022 −0.017 0.042
RE and previous visit (dummy) (n = 213) −0.230*** −0.060 0.308***
C and RE and previous visit (dummy)
(n = 15)
−0.064* −0.012 0.081**
Protest (dummy)a 0.358*** −0.217*** −0.168***
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fects on air quality have been detected in peri-urban forests as far as
60 km away from the center of urban areas (Baumgardner et al., 2012).
Despite the fact that the corresponding local reserves in Durango
and Tamaulipas are more distant from the respondents' residences
than in Jalisco, the carbon price is significantly higher than that in
Mexico City: the reasons cited for local projects in these states shifted
from ‘I live close to the area’ to ‘it is in my state/region’ (Table 4). This
shows the effect of the geopolitical thresholds and regional identifica-
tion in local valuation previously reported in the literature (Morrison
and Bennett, 2004; Brouwer et al., 2010; Johnston and Duke, 2009).
These results are congruent with other valuation studies: higher carbon
prices for carbon sequestration in local projects resemble the higher val-
uation of water quality improvements in local catchments (Morrison
and Bennett, 2004; Brouwer et al., 2010) and the valuation of local
health co-benefits of climate policy (Longo et al., 2012). Higher valua-
tion of similar environmental resources, oak-pine forests, was found in
the samples where local options were offered because respondents val-
ued more specific use and non-use co-benefits which presented spatial
heterogeneity (i.e. visits, air quality, regional identification).
4.4. Distance Decay Functions
In order to assess the distance decay of local direct co-benefits, the
valuation for each site in Table 3 was considered along with the report-
ed information on visits to the reserves. Responses on visits were clus-
tered to obtain the percentage of respondents who had visited at least
one time any of the reserves at different distance groups. The valuation
for each project location in Table 3 is used as proxies of local benefits
and corresponds to the utility received from each site by those who
had a stronger preference for project location in each sample during
the experiment. The utility received from the most preferred site
(local option) in comparison to the second best option is used as a
proxy of the extra benefits of local projects for this specific group of re-
spondents. Both the extra benefits of local projects and the percentage
of visitors to each site were plotted against the Euclidean distance to
the reserves (Fig. 2).
Fig. 2 shows that the direct extra benefits of a local project decrease
logarithmically; for the information on visits the best results are obtain-
edwhen an exponential function is used. Thesefigures are in agreement
with other distance decay functions reported (e.g. Bateman et al., 2006).
Each point in the curve for extra benefits refers to each of the samples
(i.e. Jalisco, Durango, Tamaulipas and Mexico City by descendingFig. 2. Local co-benefits from local projects for the group focused on location and previous
visits of all participants, as a function of average distance from the respondent’s city of
residence.average distance to site). The curves imply that higher valuation andpo-
tential visits are expected in areas closer to the cities up to a distance of
150 to 200 km. The distance to the areas suggested as alternative sites
by the respondents fromMexico City is within this range. Other studies
have also reported spatial heterogeneity closer to urban populations in
the valuation of recreation and other forest services (e.g. Abildtrup et al.,
2011; Garrod et al., 2012).
4.5. Preferences and Profiles
The selection of cost, carbon or location as preferred attribute when
answering the choice sets reveals different tastes that determine envi-
ronmental valuation, thus the profiles of these three groups were ana-
lyzed in more detail to find correlates to understand these differences
grouping the four samples (Table 5).
Table 5 shows that when the proposed project location is closer to
the city of residence of the respondent there would be a higher focus
on location; they would have a better knowledge of the site given the
higher familiarity with the site, which is facilitated if forests are proxi-
mate (e.g. Abildtrup et al., 2011). Conversely if projects aremore distant
there will be a higher correlation with focus on cost especially if the
sense of responsibility for personal emissions is not stated; those who
have estimated their carbon footprint would focus on carbon.
The choices made by each participant when answering the choice
sets were analyzed to get the aggregated values of carbon, costs andFound the survey confusing (%) 0.034 −0.045 0.008
Distance to local reserve 0.150*** 0.119*** −0.282***
Percentages and mean values






Previous carbon footprint (C) 6.5% 10.8%** 5.3%
Responsible for own emissions (RE) 59.6%*** 80.0%*** 77.8%**
Previous visit (%) 36.2%*** 35.4%*** 72.0%***
Aggregate carbon in choices (%)c 37.6%*** 78.6%*** 58.0%
Aggregate payment in choices (%)d 35.4%*** 76.7%*** 61.9%**
Times local option was chosen (choice sets)e 1.36*** 2.09 3.13***
Average carbon pricef 8.61*** 9.24* 10.70***
n 261 195 189
Significance: *Significant at 90%; **Significant at 95%; ***Significant at 99%. The contingen-
cy coefficientwasused to compare nominal variables andSpearmanbivariate correlations,
following a Chi squared test.
a Protests were also correlated with those who did not considered these schemes as a
good idea and those who found the questions confusing.
b The value in parenthesis shows the median.
c Value obtained by the summation of the offsets or payment in the six choice sets di-
vided by the maximum possible value according to the version of the questionnaire.
d Value obtained by the division of the summation of the payment by the summation of
the offsets according to the choices in the six sets.
e Value obtained by the summation of the times that the closest (local) option was
chosen in the six choice sets (max. 4).
f Value obtained by the division of the summation of the payment by the summation of
the offsets according to the choices in the six sets.
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three groups. The group focused on cost correlates with the selection
of choices offering fewer offsets and lower payments, conversely to
those focused on carbon. The group focused on location is correlated
with the selection of more local options and higher carbon prices;
those focused on cost or carbon would give up local projects as the
lower frequency of local choices made shows.
The sense of responsibility, knowledge of personal carbon footprint
and previous visits to the reserves are also used to characterize the dif-
ferences in the profiles of the combined samples of the participants in
the CE (Table 6); these factors aremore visible in comparisonwith gen-
eral tastes of the samples in Table 5, i.e. it is easier to know if someone
has visited a specific forest area or not, than to find out in the cases
that a carbon market is created if the person will have a preference for
project location. Table 6 suggests that there is not interdependence be-
tween these three factors (i.e. sense or responsibility, previous knowl-
edge of carbon footprint and previous visits to the reserves).
Results indicate females tend to feel more responsible for personal
emissions but tend to visit the forested areas less showing a differenti-
ated gender divide. The assumption of responsibility is not correlated
to income, knowledge of emissions or previous visits, and it is associated
with lower protests and choices of higher payments, more offsets and
local options. The profile of those with previous knowledge of their car-
bon footprint includes a larger proportion of younger citizens, who are
students, from households with higher total income. The knowledge
of carbon footprint appears to be correlated with protests, however
when this is corrected for sense of responsibility, it can be seen that pro-
tests of those with previous knowledge of personal emissions arise
prominently when participants do not feel responsible for them. The
profile of those who had previously visited the reserves corresponds
to those living closer to them and who in general are economically
better-off (i.e. income and economic activity). Previous visits correlate
with more choices for local options, but there are no changes in terms
of aggregated payment and quantity of offsets selected.
The information derived from Tables 5 and 6 indicates that if eco-
nomic pressures are high and potential offset purchasers do not develop
a sense of responsibility to offset personal emissions, decisions may be
based on cost, or respondentsmaydeclare themselves unable/unwilling
to pay. If citizens feel personally responsible for their emissions theyTable 6
Analysis of selected variables as independent subgroups (percentages and mean values).
Distance to closest reserve (km)a
Income per capita ($/cap-day)
Female (%)
Previous carbon footprint (C)
Responsible for own emissions (RE)
Visited at least one reserve (%)
The respondent is economically active (%)
Protest (%)
Protest, sub-sample with previous knowledge of carbon footprint corrected by RE (%)b
Found the survey confusing (%)
Focus on cost (%)
Focus on carbon (%)
Focus on location (%)
Total local options in choices (choice sets)
Aggregate payment in choices ($)
Aggregate carbon in choices (tCO2eq)
n
Significance: *Significant at 95%; **Significant at 99%. Non-parametric tests using Mann–Whitn
a The value in parenthesis shows the median.
b 48 respondents had previous knowledge of their carbon footprint fromwhich 32 felt respon
the 16 respondents who knowing their carbon footprint did not feel responsible from their carmay however not focus on cost; instead, location would play an impor-
tant role, particularly as proximity and possibility of visiting the project
increases. These determinants of valuation have been reported in the lit-
erature (Johnson and Nemet, 2010; Bamberg andMöser, 2007) (e.g. re-
sponsibility Brouwer et al., 2008; proximity, Garrod et al., 2012;
familiarity with offsetting schemes, Ziegler et al., 2012; income and
trust in the scheme, Adaman et al., 2011) and can be used to design do-
mestic carbon markets targeting local demand.
The magnitude and significance of the correlations and differences
found for thedifferent sub-samples presented in Table 5 indicate that pre-
vious visits to the reserves, sense of responsibility for emissions, knowl-
edge of previous emissions and distance to the reserves are factors with
higher effect on general preferences and environmental valuation than
standard observable socioeconomic characteristics. Thus, although there
are some differences in the samples regarding standard socioeconomic
and demographic variables (Table 1), the structure of the models in
Table 2 and the information of Tables 5 and 6 show that valuation is im-
portantly determined by other initially unobservable factors that shape
preferences, and that proximity to the reserves plays a decisive role.
4.6. Implications for Domestic Forest Carbon Markets in Mexico
Forestry based projects can be developed in Mexico within the
voluntary carbon market, under the CDM to deduct the carbon tax and
as part of the efforts within REDD+. Results from this research can con-
tribute to the design of these initiatives by helping to target geographi-
cally highly valued areas for implementation from the demand side.
The identification of eligible areas for incentive-based mechanisms
for the conservation and restoration of forests usually only consider fac-
tors related to the supply of forest environmental services (e.g. PES pro-
gram in Mexico considered potential to capture water, deforestation
risk and opportunity costs, Muñoz Piña et al., 2008). Social gains
of these projects are also usually portrayed in terms of the potential
contribution for poverty alleviation of forest landowners (providers).
However a full account of the benefits received by the users of the envi-
ronmental services is usually not considered in designing these pro-
grams. If these benefits were considered, results from cost-benefit
analysis might favor implementation of activities in peri-urban areas


















11.54 9.83 12.82 11.54 12.82** 9.83
47.6%* 37.1% 43.8% 44.6% 38.1%** 50.0%
7.0% 8.6% – – 7.7% 7.2%
– – 66.7% 71.4% 71.2% 70.8%
46.5% 46.2% 47.9% 46.2% – –
75.1% 70.4% 60.4% 74.7% 78.6%* 69.4%





– – – –
8.1% 11.8% 9.9% 9.2% 10.0% 8.4%
33.8%** 56.5% 35.4% 40.8% 31.4%** 48.1%
34.1%** 21.0% 43.8%* 29.2% 23.1%** 36.5%
32.1%* 22.6% 20.8% 30.0% 45.5%** 15.4%
2.25** 1.72 1.65* 2.14 2.44** 1.80
445.5** 306.2 390.0 406.6 409.1 402.1
47.9** 32.7 42.9 43.6 43.7 43.4
458 187 48 597 299 346
ey (U) to compare each subgroup for each variable.
sible from their own carbon emissions; in this sub-group therewas only 3% protests. From
bon emissions there were 56% protests.
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of forest climate services (e.g. within state regions and in areas closer
to urban areas, Fig. 2). The curve of previous visits to the reserves can
be used to identify the areas with higher direct-use benefits enjoyed
by local populations (e.g. Bateman et al., 2006). These features can be
used for defining eligible areas for PES programs and other initiatives
that might also be implemented as part of REDD+ for instance for the
definition of early action areas.
The domestic carbon market or PES programs in Mexico could pro-
mote the linkage of local users and producers of forests services within
the same jurisdictions (i.e. State or municipalities). Links to local de-
mand could be promoted by earmarking revenues from environmental
taxes to be used on mitigation/conservation activities within the areas
where they are collected (e.g. carbon tax andwater use rights to finance
PES programs). Results of the experiment indicate that other options to
increase public awareness and engagement in climate change mitiga-
tion efforts from the demand side include: the promotion of controlled
visits to forested areas; dissemination of carbon footprint based tools;
and provision of information on the importance of forest environmental
services.
Once the valuable areas for implementation have been identified
considering demand side factors, other measures can be implemented
to promote the development of projects from the supply side. This can
be done for example through the reduction of transaction costs for im-
plementation (e.g. free information on regional baselines, identification
of eligible areas and activities for forest carbon projects).
Valuation and an eventual domestic demand for forest carbon offsets
can be increased if projects are developed closer to the offset buyers.
However, clear and effective land use change policies, regulations and
controls, are necessary preconditions, otherwise incentive-basedmech-
anisms will not be able to compete with land opportunity costs. This is
not a minor consideration since incentive based mechanisms may not
be the best policy option to ensure provision of forest services in the
presence of multiple public and market failures (Engel et al., 2008). In
order to deploy mitigation actions in forests the implementation costs
and landowners' willingness to participate also need to be considered,
since higher land opportunity costs are expected in areas closer to the
cities. However, experience from the national PES program in Mexico
shows that landowners and communities are willing to participate
with payments starting at $23.1 per ha per year (Muñoz Piña et al.,
2008), even when some of them are located in areas close to large cities
(e.g. La Primavera) (Balderas Torres et al., 2013b).
It is important to acknowledge that the role of the forest sector to cli-
mate mitigation efforts has limits. Studies indicate that globally, forests
can help to absorb from 3 to 30% of the expected GHG emissions for this
century (Beerling and Woodward, 2004; Canadell and Raupach, 2008).
Thus 70% to 97% of GHG global emissions would have to be cut if the in-
tention is to balance carbon emissions and removals to prevent the in-
crease in the concentration of atmospheric CO2. In the context of a local
market, for instance when comparing the emissions of the population of
the city of Guadalajara and potential carbon services produced in La Pri-
mavera, estimates indicate that the reserve will be able to offset around
1% of yearly emissions of the city (Balderas Torres, 2012; Balderas
Torres et al., 2013c). Mitigation actions in forests alone are not sufficient
to prevent dangerous anthropogenic induced climate change; however,
incentive based mechanisms for climate change mitigation could deliver
enough resources to finance conservation activities and sustainableman-
agement of forests. The same data from La Primavera–Guadalajara case
also indicate that in order to fullyfinancemitigation activities in La Prima-
vera, based on a local carbon market, it would be necessary to promote
the participation of only 1% of the population; from this it is derived
that in order to neutralize all emissions of the city, an area of forest 99
times larger than La Primavera would be required (Balderas Torres, in
press). These figures can help to define the limits of a local carbonmarket
based on local carrying capacity of the territory to produce a carbon-
neutral region.5. Conclusions
Results of this experiment show that when potential carbon offset
buyers are distant from the project areas, decisions tend to be dominat-
ed by cost-efficiency as expected inmarket-basedmechanisms. Howev-
er given the possibility of choosing where to develop a forest carbon
project and finance its implementation by purchasing offsets, buyers
may not only want to reduce costs, but also to maximize local co-
benefits revealing a ‘yes-in-my-backyard’ effect. Co-benefits of proxi-
mate projects can outweigh climate mitigation benefits of more distant
cheaper projects for a significant share of the population.
The results of the CE show a higher valuation of proximate forests;
this is reflected in the higher carbon prices citizens would pay for local
projects and the preference for the development of projects closer to
their residences. Results presented here show the transferability of en-
vironmental benefits from local forests among the population of differ-
ent regions in Mexico. Responses indicate that the proximity of the
forest and potential to visit it, the perceived contribution of forests to
improve local air quality and regional identification are important
drivers of forest valuation. Citizens could be grouped by general taste
and preference for cost, carbon or location within the context of the
CE. While this profiling helps to understand the choice behavior of the
participants in the study, these characteristics are difficult to observe.
Other characteristics such as the previous knowledge of personal carbon
footprint, previous visit to the forested areas and the assumption of re-
sponsibility over personal emissions are proxies can be easier to observe
and can be promoted to increase environmental awareness and eventu-
al participation in domestic market based schemes.
The geographical heterogeneity of the valuation of forests services
from the demand side can inform the design of market based instru-
ments namely through the definition of highly valuable areas for con-
servation and restoration. The consideration of demand side factors is
often neglected in the design of PES programs, projects participating
in carbon markets and activities to be implemented as part of REDD+.
Considering the higher density and large population of urban areas,
the inclusion of demand side factors for the valuation of forests services
might favor the intervention in peri-urban areas, which might increase
specific co-benefits (i.e. recreation and local air quality). The example
fromMexico described here indicates that these features can be consid-
ered as part of different initiatives such as PES programs, forestry based
projects participating in voluntary carbon markets, projects linked to
compliance carbon markets (i.e. carbon tax and CDM) and REDD+.
Governments can shape domestic environmental and climate poli-
cies to create the required institutional frameworks for local market
mechanisms, or promote local collective action for the management of
natural resources in highly valued areas. These efforts can focus on de-
mand and supply side aspects. However a critical step to empower citi-
zens, and engage them in forest conservation and climate change
mitigation efforts, is the creation of effective and accessible options en-
abling local action.
Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.ecolecon.2014.11.008.
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